In this work, the In 2 O 3 thin films have been fabricated using a spin coating technique; this technique was prepared in our laboratory. The effect of the layer times (3, 5, 7 and 9 times) on optical and structural properties was investigated. In 2 O 3 thin films were fabricated by dissolving 0.2 M of the indium chloride dehydrate InCl 3 .2H 2 O in the absolute H2O. The In 2 O 3 thin films were crystallized at a temperature of 600 °C with pending time of 1 hour. The optical property shows that the prepared In 2 O 3 thin films for 3 and 5 times have a transmission of about 85 %. The maximum bandgap energy was 3.69 eV for 5 times and the lowest Urbach energy was 0.47 eV for 9 times. From XDR all fabricated In 2 O 3 thin films having one diffraction crystal plan is (222) peak intensity, this attribution have good crystalline structure with minimum crystallite size of the (222) plan is 59.69 nm. The prepared In 2 O 3 thin films can be used in photovoltaic applications due to the existing phase and higher transmission.
Introduction
In previous researches, in the field of materials science, several excellent classes have investigated that lead to the synthesis and characterization of thin films as metal oxides (semiconductors) [1] . In 2 O 3 has one of the most important applications in the detection of bacteria in nature, the presence of bacteria in the environment due to the increase in peoples and industries. So it becomes important to investigate In 2 O 3 as a thin film and improve its physical properties. These materials can be developed as photovoltaic applications due to show high transmission overcoming 90% [2] , which was located in the visible region.
However, the In 2 O 3 thin films can be used in several fields in sciences and technology due to their physical and chemical properties such as highly transparent, good crystalline structure, best electrical conductivity and the ease of chemical mixing in any solution [3] . As well as the In 2 O 3 thin films are requirements of the general environment to protect it can be focused
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The optical band gap of In 2 O 3 thin films was located in the range of 3.5 -4 eV, which is varied by various conditions like deposition method, precursor molarity, substrate temperature, film thickness, crystallization temperature and doping level [1] [2] [3] [4] [5] .
In 2 O 3 thin films can be fabricated by several techniques such as electrochemical deposition, pulsed laser deposition (PLD), magnetron sputtering technique, molecular beam epitaxy (MBE), reactive evaporation, sol-gel process, chemical vapor deposition, and spray pyrolysis [1] [2] [3] [4] [5] .
The aim of this work is to fabricate In 2 O 3 thin films with good transmission and good crystalline structure. The films were fabricated with 0.2 M at a crystallization temperature of 600 °C. We have studied the influence of several layer times on optical transmission, bandgap energy, Urbach energy, crystalline structure and crystallite size of In 2 O 3 thin films.
Experiments
The prepared solution of In 2 
Results and discussion
The optical transmission of deposited In 2 O 3 thin films is shown in Fig. 1 , presents with various coating times of deposited films. As seen, the optical transmission of deposited In 2 O 3 thin films was decreased with increasing coating times, we have observed a higher transmission of about 85% in the visible region. However, in the ultraviolet region the optical transmission decreased because of the absorption edge. Fig. 2 shows the absorbance of deposited In 2 O 3 thin films at various coating times, we have concluded that the thin film prepared with 9 coating times has the maximum absorption. The optical bandgap energy of deposited In 2 O 3 thin films were estimated from visible region, it was determined by following equation [6] :
where A ,  h C and g E are the absorbance, the photon energy, a constant and the bandgap energy of deposited In 2 O 3 thin films, respectively. The variation bandgap was calculated using the Fig. 3 , which is determined by the extrapolation. However, the tail width can be calculated using the Urbach energy of deposited In 2 O 3 thin films also was determined by the following equation [6] :
where A ,  h , 0 A and u E are the absorbance, the photon energy, a constant and the Urbach energy, respectively. The Urbach energy of fabricated In 2 O 3 thin films was determined by deducing the curves of LnA with the variation of the photon energy  h (see Fig. 4 ) to obtain of the variation Urbach energy of In 2 O 3 thin films. obtained for the thin film fabricated with 5 times, it is 3.69 eV. After this point it is has a minimum value was 3.18 eV for 7 times. However, the Urbach energy has the lowest value was 0.53 eV for 5 times and the highest at 7 times is 0.58 eV. The decrease of bandgap energy with increasing layer times caused by the oxygen diffusion with the deposition.
However, the increase of the Urbach energy of prepared In 2 O 3 thin films can be explained by increasing of the defects in the films with increasing film thickness. The X-ray diffraction was used in this work to determine the crystalline structure of In 2 O 3 thin films, the results are shown in Fig. 6 . The XRD was investigated in the range of 2θ = 30° to 40°. As seen, some In 2 O 3 thin films detected three diffraction peaks, are (222), (400) and (411) peaks. With the increase of layer times, we have improved in the peak intensity of the (222) peak, this shows that the elaborated In 2 O 3 thin films have a crystalline structure with a preferred orientation to the (222) plan. However, Fig. 6 presents the measured diffraction angle of the (222) peak at several layer times. As seen, the diffraction angle of the (222) peak increased caused by the shifted of (222) peal to the high angle, this attribution can be explained by the decrease in the lattice parameters of the structure of In 2 O 3 thin films with the increase in the layer times of deposition. The crystallite G of (222) crystal plane of fabricated In 2 O 3 thin films at several layer times was measured by the Scherer equation [8] :
where G is the measured crystallite size at several layer times,  is the X-ray wavelength (  = 0.15406 nm),  is the FWHM (full width at half-maximum, and  is the diffraction angle of the (222) plane crystal plane, the variations are shown in Table 2 . Fig. 8 shows the measured crystallite size at several layer times 3, 5, 7 and 9 times of the fabricated In 2 O 3 thin films by a spin coating method. We have a decrease of measured crystallite size with increasing layer times from 3 to 9 times, the intensity of (222) peak also increased when the layer times increased, this observation has been indicated to improve the crystallinity and the preferred orientation of prepared In 2 O 3 thin films. In this work, we have investigated the effect of layers times on the optical and structural characterization of the fabricated In 2 O 3 thin films by spin coating technique. In 2 O 3 thin films were fabricated by dissolving the indium chloride dehydrate InCl 3 .2H 2 O in the absolute H 2 O, the solution was deposited on a glass substrate by varying the layer times 3, 5, 7 and 9 times, the thin films were crystallized at 600°C. The obtained In 2 O 3 thin films have a good optical transmission of about 85% for the smeller layer times. The maximum bandgap energy was 3.69 eV for 5 times and the lowest Urbach energy was 0.47 eV for 9 times. From XDR all fabricated In 2 O 3 thin films having one diffraction crystal plan is (222) peak intensity, this attribution have good crystalline structure with minimum crystallite size of the (222) plan is 59.69 nm. The prepared In 2 O 3 thin films can be used in photovoltaic applications due to the existing phase and higher transmission.
